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In recent year it has been reported that increases in 
muscle size and strength equivalent to those with high 
intensity load can be achieved even with low intensity 
loads (20-40% of 1 repetition maximum, RM) using 
blood flow restriction (BFR) together with resistance 
training1）. However, there is a possibility that 
continuous BFR will markedly increase blood pressure 
and induce the development of blood clots 2）3）. There 
are also reports showing a high rating of perceived 
exertion4）. Therefore, the aims of this study were to 
investigate the efficacy and timing of intermittent BFR 
procedures during low-intensity resistance exercise.
Ⅱ．Overview
Previously, we showed that intramuscular metabolic 
stress , such as pH decrease, phosphocreatine 
depletion and Pi accumulation during resistance 
exercise were markedly enhanced by BFR5）6）7）8） and 
also demonstrated that enhanced metabolic stress 
proportionally contributed to training effects, muscle 
hypertrophy and strength gain.
Ⅲ．Methods 
Seven healthy men performed 3 sets of 1-min unilateral 
plantar flexion (30 repetitions) with 1-min intervals 
under 4 different conditions: low intensity resistance 
exercise (L, 20 % 1-RM) without BFR (L-noBFR), L with 
BFR during rest periods (L-reBFR), L with BFR during 
exercise periods (L-exBFR), and L with continuous 
BFR during both exercise and rest periods (L-conBFR). 
Based on the results of this experiment, additional 
moderate intensity resistance exercises (40% 1-RM) 
with intermittent BFR (M-reBFR and M-exBFR) were 
performed in four of the seven subjects. Intramuscular 
metabolic stress, defined as phosphocreatine depletion 
and intramuscular pH decrease, was evaluated by 
31P-magnetic resonance spectroscopy
Ⅳ．Results
Phosphocreat ine  dep le t i on  (F ig  2 ,  l e f t )  and 
intramuscular pH decrease in L-conBFR were 
significantly greater than those in L-noBFR, L-reBFR 
and L-exBFR (p<0.05), while those changes in L-reBFR 
and L-exBFR were equal and tented to be greater 
Fig 1. Overview of our previous studies.
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than those in L-noBFR. By contrast, those changes in 
M-reBFR and M-exBFR were almost similar to those 
in L-conBFR (Fig 2, right). Subject’s exertion after BFR 
during exercise was lower in L-reBFR and L-exBFR 
than in L-conBFR, and was tended to be lower in 
L-reBFR than in L-exBFR. 
Ⅴ．Conclusion
In low intensity resistance exercise with BFR, 
continuous BFR can successfully increase muscular 
metabolic stress and might be the most effective 
method when the goal is improved muscle strength 
and size. However, an equivalent metabolic load can 
also be obtained with intermittent BFR exercises 
by increasing the exercise load. Regarding subject’
s exertion, moderate intensity with rest periods BFR 
could be useful method and applicable to resistance 
training. 
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Fig 2. Phosphocreatine depletion during exercise.

